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Present study was conducted to assess the haematological profile of Channa marulius from hatchery and riverine 
populations. Blood samples were collected by caudal vein puncture. Significantly higher values (p ≤ 0.05) were recorded for 
various blood indices in hatchery populations as compared to those of riverine sources. Observed values of haematological 
parameters in hatchery populations were: Erythrocytes 4.90×106 cells µL-1, eosinophils 4.06 %, monocytes 5.53 %, 
haematocrit count 28.86 %, haemoglobin content 5.385 gdL-1, platelet distribution width 6.91 fL, red blood cell distribution 
width 23.83 fL, Procalcitonin 2.37 µL, mean corpuscular volume 7.87 fL and large platelet concentration ratio 14.64 %. In 
riverine populations, significantly higher values (p ≤ 0.05) for leucocytes count 5625×103 µL-1, mean cell haemoglobin 
32.75 pg, mean corpuscular haemoglobin concentration 43.66 gdL-1 and mean cell volume 171.90 fL were observed as 
compared to those of hatchery populations. Conversely, non-significant (p ≥ 0.05) differences were observed with elevated 
values for neutrophils (14.042 %) in riverine fish populations as compared hatchery samples (13.896 %). Lymphocytes and 
platelets counts were 17.344 % and 33.742×103 µL-1, respectively in hatchery populations whereas in riverine populations 
these were 13.764 % and 33.896×103 µL-1, respectively. Physico-chemical parameters of sample water were observed to be 
in safe range throughout the study period. The observed variation in haematological profile between both groups is due to 
different inhabiting conditions that exert direct impacts on fish haematology.  
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Introduction 
Fish culture have become a profitable industry and 
is widely known across the world
1 
as it is an important 
contributor to meet increasing demands of food, 
economic strength and employment
2
. The giant 
Snakehead (Channa marulius) is widely distributed in 
Pakistan, India, Bangladesh, Myanmar, Thailand, 
Philippines, Vietnam and Cambodia
3
. Channa 
marulius locally known as Sol is the largest species 
among the murrels, lives in canals, rivers, ponds, 
swamps, marshes and muddy bottom of water 
bodies
4,5
. It has some distinctive qualities like high 
protein meat, good taste, high nutritive value and low 
quantity of intramuscular spines
6
with high growth 
potential and therefore is preferable for consumer’s 
choice
7
. It is native fish species in Pakistan
8
. 
Snakeheads are important in fish farming due to 
their carnivorous habit and tolerance to different 
environmental conditions
9
. Fishes are important in 
monitoring water quality due to their quick response 
towards direct and indirect changes in aquatic 
environment
10
. Haematological profile is an important 
tool to assess the physiological and pathological 
conditions of fish
11
. Haematological parameters like; 
Erythrocytes, leucocytes, haemoglobin content are 
important indicators to study the structural and 
functional status of fish
12
. White blood corpuscles, red 
blood cells, haemoglobin content, leukocyte cell 
proportion, size of erythrocytes and white blood cells 
size are the most important parameters for the 
diagnosis of fish haematology. Mostly, haemoglobin 
concentration, haematocrit and erythrocyte count are 
readily determined parameters under wild and 
cultured conditions
13
. These parameters were used as 
bio-monitoring tool for the assessment of diseased 




Haematological parameters of cultured fishes are 
considered as an important tool in development and 
management of aquaculture system. These are also 




important contributors for the detection of healthy, 
diseased and stressed fish samples
15
. Keeping an eye 
on the importance of species in terms of increasing 
economic interest the present work was conducted to 
investigate the blood profile differences and the 
establishment of haematological relationship between 
two assessed groups. The study minimized much of 
the research gap on haematological study of C. 
marulius, its rearing potential and can be use as 
biomarker tool (haematological profile) to overcome 
the deficiencies in aquaculture industry. It covers the 
areas of fisheries management practices and intensive 
culture of proposed fish species across the globe. 
 
Materials and Methods 
Fish and water sample collection 
Fish samples (n = 50) were collected in spring 
season from Jhang and Chennawan fish hatcheries 
and from riverine sources; Chashma Lake, Trimmu 
and Qadirabad head works in Punjab province 
Pakistan. Physico-chemical parameters of both 
ecosystems were examined during the study period. 
For this purpose, water samples were collected from 
fish hatcheries and riverine resources to assess the 
mean value of these parameters. Water temperature 
(°C) and electrical conductivity (EC) were measured 
by electronic meter (HANNA HI-99301) while, pH 
was measured by pH meter (HANNA HI-8424). Total 
hardness (TH = Ca and Mg), carbon dioxide (CO2), 
dissolved oxygen (DO), and total ammonia (NH3) was 





Blood samples were taken from both ecotypes by 
caudal vein puncture using 2 ml syringes. After 
collection the samples were immediately transferred 
into EDTA tubes containing anticoagulant and mixed 
thoroughly. Complete haematological profile was 
determined by Automated Hematology Analyzer 
(Celltac-α-MEK6318K). Erythrocytes count (RBC’s), 
leucocytes count (WBC’s), neutrophils, eosinophils, 
monocytes, lymphocytes, haematocrit (HCT), 
haemoglobin count (HGB), erythrocyte sedimentation 
rate (ESR), mean corpuscular haemoglobin (MCH), 
mean cell haemoglobin concentration (MCHC), mean 
corpuscular volume (MCV), platelets count (PLT), 
platelets distribution width (PDW), red blood cell 
distribution width (RDW), mean platelet volume 
(MPV), large platelet concentration ratio (PLCR) and 
procalcitonin (PCT) for both ecotypes was calculated 





. The experimental data was 
expressed as mean ± SD and significant differences 
were recorded as (p ≤ 0.05). Significant and non-
significant differences were calculated by Student’s t-
test using Minitab software. 
 
Results  
Physico-chemical analysis of water samples  
Physico-chemical parameters from both riverine and 
hatchery resources are summarized in Table 1 and 2. 
The observed values for physico-chemical parameters 
form cultured sites were as; TH = Total Hardness  
(249.0 ± 0.50); DO = Dissolved Oxygen (6.75 ± 0.84 
mgL
-1
); Temperature (23.5 °C); CO2 = Carbon dioxide 
(0 mgL
-1
);  Na = Sodium (12.37 ± 1.62 mgL
-1
);  
Ca = Calcium (39.0 ± 0.75 mgL
-1
); K = Potassium  
(8.75 ± 0.50 mgL
-1
); Mg = Magnesium  
(46.0 ± 0.50 mgL
-1





); and EC = Electrical conductivity  
(140.5 ± 0.45 mScm
-1
) as compared to the riverine 
sources as; TH = 234.33 ± 0.77; DO = 5.82 ± 0.92 mgL
-1
; 
Table 1 — Physico-chemical properties of Fish seed Hatchery, Chennawan and Jhang 
 Temp pH TH NH3 DO CO2 EC Na K Ca Mg 
 24 8 250 0.009 6.8 0 140 12.4 8.7 40 47 
 23 8.1 248 0.012 6.7 0 141 12.34 8.8 38 45 
Mean 
± SD 

















Table 2 — Physico-chemical characteristics of Chashma Lake, Trimmu and Qadirabad headworks 
 Temperature pH TH NH3 DO CO2 EC Na K Ca Mg 
 22 7.9 234 0.001 6 0 131 11.9 8 33 40 
 23.1 7.6 233 0.009 5.59 0 129 12.5 8.5 35 41 
 22.5 7.3 236 0.014 5.88 0 133 13 8.3 34 39 
Mean 
± SD 




















Temperature (22.5 °C); CO2 = 0 mgL
-1
;  Na = 12.46 ±  
0.79 mgL
-1
; Ca = 34.0 ± 0.55 mgL
-1
; K = 8.26 ± 0.50 
mgL
-1
; Mg = 40.0 ± 0.57 mgL
-1










The parametric values of haematological profile for 
both assessed groups are summarized in Table 3. 
Highly significant (p ≤ 0.05) values were recorded for 
erythrocytes count (4.90 ± 1.56), haemoglobin content 
(5.385 ± 1.26) and haematocrit (28.86 ± 2.60) in 
cultured population in comparison with lower  
(2.62 ± 1.28), (3.587 ± 0.800) and (18.79 ± 1.33) 
among riverine population. Similarly, platelet 
distribution width (6.91 ± 1.54) and red blood cell 
distribution width (23.83 ± 2.22), eosinophils  
(4.06 ± 1.23), monocytes (5.53 ± 1.37), procalcitonin 
(2.37 ± 1.21), mean platelet volume (7.87 ± 1.33) and 
large platelet concentration ratio (14.64 ± 1.91) 
showed highly significant (p ≤ 0.05), results in 
cultured population as compared to the lower values 
(6.21 ± 1.66), (3.71 ± 1.08), (5.06 ± 1.26), (1.624 ± 
0.945), (7.22 ± 1.61) and (13.68 ± 1.94) in riverine 
population of species under examination. 
On the other hand, highly significant (p ≤ 0.05) 
values for white blood cells (5625 ± 207) and mean 
cell haemoglobin concentration (43.66 ± 2.92)were 
recorded among riverine population as compared to 
those lower (5106 ± 151) and (40.06 ± 2.17) in 
cultured population. Similarly, mean corpuscular 
haemoglobin (32.75 ± 3.17), mean corpuscular 
volume (171.90 ± 3.65) and erythrocytes 
sedimentation rate (5.22 ± 1.71) were also found to be 
highly significant (p ≤ 0.05) among riverine 
population compared to the lower (24.50 ± 4.16), 
(170.74 ± 4.05) and (1.974 ± 0.859) among cultured 
population of C. marulius. 
Conversely, non-significant differences (p ≥ 0.05) 
with higher parametric values were recorded for 
lymphocytes (13.76 ± 1.93) and platelet count  
(33.87 ± 1.64) in cultured populations than those of 
lower (13.76 ± 1.93) and (33.74 ± 1.77) in wild ones. 
However, non-significant differences (p ≥ 0.05) with 
high values for neutrophils (14.04 ± 2.35) were 
observed for riverine population as compared to the 




This study was aimed to examine the baseline 
values of haematological profile to assess the 
differences in blood values among riverine and 
cultured population of C. marulius and investigated as 
physiological tool to assess the impacts of different 
inhabiting conditions in both habitats of appraisal fish 
species. Various aquatic and environmental hazards 
can be calculated by the measurement of physico-
chemical parameters
19
. Different factors like dissolved 
Table 3 — Comparative haematological profile of riverine and cultured Channa marulius 
 
Parameters 
Riverine Population  
Range 
Cultured Population 




P (t-test) Mean ± SD 
Red blood cells count (×106 cells µL-1) 2.62±1.28 2.15-5.46 4.90 ± 1.56 3.1-7.23 0.000** 
Haemoglobin content count (gdL-1) 3.587±0.800 3.30-5.71 5.385±1.26 2.40-7.30 0.000** 
White blood cells count (×103 cells µL-1) 5625±207 5065-5649 5106±151 4833-5856 0.000** 
Neutrophils (%) 14.04±2.35 11.33-17.51 13.90±2.28 11.00-17.73 0.765NS 
Eosinophils (%) 3.71±1.08 2.31-5.55 4.06±1.23 2.13-6.00 0.005* 
Monocytes (%) 5.06±1.26 3.76-7.70 5.53±1.37 3.40-8.10 0.031* 
Lymphocytes (%) 13.76±1.93 11.53-29.56 17.31±2.93 11.36-33.25 0.286NS 
Erythrocyte sedimentation rate (mm/h) 5.22±1.71 1.48-5.15 1.974±0.859 0.65-7.30 0.000** 
Mean corpuscular haemoglobin (pg) 32.75±3.17 24.18-34.38 24.50±4.16 18.51-38.13 0.000** 
Haematocrit (%) 18.79±1.33 18.76-25.05 28.86±2.60 16.56-35.65 0.000** 
Mean corpuscular volume (fL) 171.90±3.65 166.56178.50 170.74±4.05 165.87178.93 0.043* 
Platelets count (×103 cells µL-1) 33.74±1.77 31.93-36.56 33.87±1.64 31.30-37.06 0.726NS 
Platelet distribution width (fL) 6.21±1.66 4.80-8.91 6.91±1.54 4.30-9.20 0.042* 
Red blood cell distribution width (fL) 23.04±2.85 20.11-26.60 23.83±2.22 19.66-27.30 0.023* 
Mean platelet volume (fL) 7.22±1.61 5.08-9.60 7.87±1.33 4.60-10.00 0.040* 
Large platelet concentration ratio (%)  13.68±1.94 11.66-16.73 14.64±1.91 11.20-18.00 0.020* 
PCT (µL) 1.624±0.945 0.28-3.01 2.37±1.21 0.05-4.10 0.002* 
SD = Standard deviation **= Highly Significant (p ≤ 0.01) *= Significant (p ≤ 0.05) NS= Non-Significant (p ≥ 0.05) 
 




oxygen, light penetration, temperature and density 
caused significant changes in aquatic environment. 
Distribution of organisms in the aquatic environment 
mainly depends on these factors to choose the suitable 
habitat for their survival
20
. In the present study, the 
physico-chemical parameters were observed to be in 
safe range with slight variations in both natural and 
cultured conditions (Table 1 and 2). Fish is important 
in monitoring water quality due to its quick response 
towards direct and indirect changes in aquatic 
ecosystem. Therefore, the dispersal of fish mainly 
depends on these physico-chemical parameters
20
. In 
the present study various water quality parameters 
despite of variations in both riverine and cultured 
environment remained at safe levels during the study 
period. 
Haematological parameters are considered as 
important indicators to study the structural and 
functional status of fish
12
. Leukocyte cell proportion, 
haemoglobin, white blood cells, red blood corpuscles, 
and size of erythrocytes are important to observe the 
haematological status of fish
13
. Red blood cells are 
important to determine the transport of oxygen and 
carbon dioxide from respiratory system to body
21
. In 
this study, obvious differences were recorded for red 
blood cells, haematocrit and haemoglobin content 
between cultured and riverine populations, with 
highly significant (p ≤ 0.05) values in cultured 
population. Whereas higher levels of haematocrit 
depict high metabolic demands; and is a source of 
oxygen supply for major organs
22
. Similar findings 
were recorded for erythrocytes count by Xiaoyun et 
al.
23 
whereas, Dias et al.
24 
reported variations in these 




White blood cells (leucocytes) are important 
components of immune system, their higher level play 
significant role to provide basic defence mechanism 
against pathogens and foreign invaders
25
. Present 
study showed significantly higher (p ≤ 0.05) number 
of white blood cells in riverine populations as 
compared to the cultured one. White blood cells are 
primary contributor in haematological index of fish. 
Variations in aquatic habitat subsequently changes the 
properties of water thus changes in haematological 
profile are obvious
23 
Eosinophils, lymphocytes, and 
monocytes were significantly higher in cultured 
population. These findings were supported by Dias 
and Moraes
26 
and Gul et al.
27 
with significantly higher 
leucocytes under natural conditions. Leucocytes 
consists of granulocytes (eosinophils and neutrophils), 
agranulocytes (lymphocytes and monocytes) which 
are the major contributors of immunity in natural and 
cultured conditions. However, differences could be 
found in these parameters in wild and cultured 
conditions due to different environmental conditions 




Erythrocyte sedimentation rate shows non-specific 
measurement about inflammation
29
. Present study 
showed significantly (p ≤ 0.05) higher values of ESR 
in riverine populations as compared to cultured 
population of C. marulius. This consideration coupled 
with variable values of ESR is due to the differences 
in habitats and physiological state. Variable values 
depends on function of RBC’s while, values above the 
normal physiological states lead to autoimmune 
disorders and inflammation whereas, decreased ratio 




Current study showed different significant  
(p ≤ 0.05) values of mean corpuscular haemoglobin, 
mean cell haemoglobin concentration and mean 
corpuscular volume with increased levels in riverine 
population as compared to the cultured population of 
proposed fish. Milad et al.
30 
also observed variable 
values of MCH and MCHC in cultured conditions due 
to exogenous factors. While, Mahmoud et al.
31 
reported the significant results with variable values of 
MCHC and MCH in natural conditions. Sheikh and 
Ahmed
32 
recorded variable values of mean 
corpuscular volume in snow trout populations in 
natural environment whereas, Kumar
33 
observed 
different values of MCV among cultured Indian major 
carps. The MCHC values are not always constant and 
show variations, sometimes large variations and it 
depends upon the external environment and organism 
attributes like species age
27,29
. However, lower values 
are an indication of defective haemoglobin synthesis 
whereas,the higher levels are the indications of 
anaemic conditions. Similarly, much increased levels 
of MCH than normal are indications of 
―spherocytosis‖ and megaloblastic anaemia while, 
decreased levels results microcytic anaemia
34
. MCV 
also vary within and between the species whereas, the 
microcytosis is due to the low levels of MCV
35
. 
The above discussed variations in haematological 
parameters were due to different environmental 
factors which influenced the habitat of proposed fish 
species. As reported by Gul et al.
27 
that the 




environmental factors have significant impact on 
health status of fish. Likewise, in this study platelet 
distribution width, large platelet concentration ratio 
and mean platelet volume was found to be higher in 
cultured populations with significant (p ≤ 0.05) results 
than those of riverine population while, red blood cell 
distribution width and procalcitonin (PCT) was 
significantly (p ≤ 0.05) higher in riverine population 
as compared to the cultured population of  
C. marulius. Fazio et al.
35
, Bahmani et al.
36
 also 
reported variations among the haematological profile 
in natural conditions. They stated that these 
fluctuations are important to monitor the effects of 
fluctuations in natural aquatic environment. Various 
other factors like management strategies, DO 
concentration and food quality have also strong 
influence on haematological index
36
. This implies that 
variation in natural or cultured environment is 
sensitive for fish physiology as it alters the normal 
functioning. 
This study provides the information on 
physiological status based on haematological 
parameters of riverine and cultured C. marulius. This 
is a valuable approach to provide baseline values of 
various blood indices which can be used as an 
important bio-monitoring tool. Findings of the present 
study, will serve to extend research in the fields of 
fish biochemistry, pathology, toxicology etc. Such 
studies would be helpful to strength the knowledge 
about the physiological status and management of the 




In the present work variations in haematological 
profile of C. Marulius in riverine and cultured 
population was recorded. Various physico-chemical 
parameters were also found to be in safe range with 
slightly variations in both natural and cultured 
conditions. The differences in baseline values of 
haematology are due to differences in habitat 
conditions. This study contributes significantly to 
aquaculture and will be helpful to increase rearing 
potential of the species of economic interest. 
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